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Abstract  27 
The history of agricultural terraces remains poorly understood, largely due to problems in dating 28 
their construction and use. This has hampered broader research on their significance, limiting 29 
knowledge of past agricultural practices and the long-term investment choices made by rural 30 
communities. OSL-PD has been applied to the sediments associated with agricultural terraces and 31 
earthworks in the Mediterranean region to date construction and use. Results from five widely-32 
dispersed areas in Spain, Greece and Turkey reveal that although many terraces were used in the 33 
first millennium AD, the most intensive episodes of terrace building occurred during the later Middle 34 
Ages (c. AD 1100-1600). 35 
 36 
Introduction 37 
Landscapes are widely recognised as precious ecological, environmental and cultural assets, as well 38 
as key contributors to individual and social well-being (CoE 2000). Their character is shaped by both 39 
natural processes and human activities over thousands of years as a result of the interplay between 40 
demographic, technological, socio-economic, cultural and environmental forces (Ellis et al. 2013).  41 
Terraces are characteristic elements of landscapes in many regions around the world. Agricultural 42 
and environmental research has suggested the benefits of terracing for soil management and 43 
controlling moisture levels (Grove & Rackham 2001). Terraces are highly variable, their regional 44 
development reflecting a combination of natural factors (e.g. geologies, geomorphologies, 45 
hydrological conditions) and landscape histories (ownership patterns, manuring practices, field 46 
management, crop selection) (Varotto et al. 2019). Better knowledge of historic practices is needed 47 
to underpin future policies for sustainable land-use (Denevan 1995; Krahtopoulou and Frederick 48 
2008). Terraces are also connected to the heritage values of landscape and their scenic qualities 49 
contribute strongly to regional landscape character (Pedroli et al. 2013). Terraced landscapes are 50 
part of UNESCO World Heritage Sites in Africa, the Americas, Europe and Asia, and in November 51 
2018 UNESCO inscribed the dry-stone walling associated with terraces in Croatia, Spain and Greece 52 
on its list of Intangible Cultural Heritage. 53 
Despite their agricultural, ecological and heritage values, the histories of terraced landscapes remain 54 
poorly understood (Bevan & Connolly 2011; Nanavati et al. 2016). This failure to understand the 55 
history of terraces has hampered broader research on the histories of landscapes, limiting 56 
knowledge of how settlements operated within their wider landscapes and of how terraces reflect 57 
the long-term investment choices made by rural communities (Ferro-Vázquez et al. 2017). The main 58 
reason for the lack of knowledge is that terraces have proven exceptionally difficult to date using 59 
archaeological and scientific methods (Acabado 2009). Datable artefacts are sometimes recovered 60 
during excavation (Koborov & Borisov 2013), but disturbance and bioturbation frequently 61 
complicate their interpretation; more often they are altogether absent. Retrogressive analysis as 62 
part of GIS-based landscape studies can reveal the sequential relationships between landscape 63 
features, suggesting the order in which earthworks developed, but such methods only allow 64 
construction of relative chronologies as opposed to providing absolute dates (Crow et al. 2011). 65 
Radiocarbon methods can be applied to buried soils and Bayesian modelling has been used to refine 66 
the interpretation of radiocarbon results for terraces. But buried soil horizons are often missing, bulk 67 
samples tend to yield overestimates of ages due to the presence of older carbon fractions in the 68 
environment, and interpretation can also be complicated by problems of ‘old wood’ (Puy et al. 2016; 69 
Ferro-Vasquez et al. 2019). Luminescence dating, which can be used to determine when certain 70 
minerals were last exposed to light or were heated, has been used to date terrace soils and 71 
constructional fills (Davidovich et al. 2012; Porat et al. 2018). Nevertheless, luminescence and 72 
radiocarbon dating both have an inherent limitation: the dates produced relate only to the specific 73 
position sampled in the soil profile. An innovative approach developed by Kinnaird and Turner for 74 
dating earthwork features and agricultural terraces represents a major advance in dealing with this 75 
problem (Kinnaird et al. 2017a; Turner et al. 2018).  76 
Five areas in three countries (Spain, Greece and Turkey) were selected in order to test the 77 
applicability of the methods to different climatic, topographical and geological zones (Fig. 1). This 78 
distribution represents a range of soils and sediments, from dystric cambisols in Naxos, calcaric 79 
cambisols and leptosols in Catalonia to mollic cambisols in Galicia (Panagos et al. 2012; ESDAC). This 80 
geographical distribution also afforded the possibility of identifying regional chronologies or 81 
variations in terrace construction and use. Terraces in all five study areas were sampled as part of 82 
collaborative international fieldwork projects focussed on understanding long-term landscape 83 
history.  84 
Figure 1 85 
Methodology 86 
Within each region, the team identified terrace systems with a range of different morphological 87 
characteristics using GIS-based historic landscape characterisations (HLCs; Turner 2018). Six basic 88 
types of Mediterranean terraces have been identified by historical ecologists (Grove and Rackham 89 
2001), though their form varies between and within regions (braided, step and pocket terraces, 90 
check-dams, terraced fields and false (bulldozed) terraces). In Catalonia, for example, historic 91 
terraces in some areas lack walls entirely, whereas rubble or rough ashlar walls are normal in other 92 
places; in the Aegean, zig-zag braided terraces are most common, but terraced fields and step 93 
terraces (either straight or curving round the hillside) are also common. The terrace character types 94 
used for the HLC analyses were based on these six basic types. In each region work focussed on 95 
different types of terraces which are characteristic of that area.  96 
In this research, portable OSL equipment (Sanderson & Murphy 2010) coupled with in situ gamma 97 
spectrometry was used to contextualise soil-sediment ‘luminescence stratigraphies’ on-site in real-98 
time, directly relating the sediment sequences with the archaeological contexts (Kinnaird et al. 99 
2017a,b, Porat et al. 2019). This approach has two key advantages. First, constraining and 100 
characterising the chronological sequences of the soil profiles enables better-informed and more 101 
effective sampling strategies. OSL profiling generates relative sediment ‘chronologies’, which allows 102 
for direct correlations between sediment units, and the means to relate discrete features across the 103 
sites. This proxy luminescence data forms the basis for generating hypotheses concerning the 104 
construction and later modification of the earthworks and terraces. The luminescence profiles are 105 
used in the field to identify specific sedimentary horizons with likely archaeological significance (in 106 
particular construction events, evidence of repair or modification) which can be targeted for OSL 107 
dating or other geoarchaeological analyses. Second, by combining this with subsequent laboratory 108 
analysis it is possible to assess the ‘chronology’ of the whole sediment profile in a terrace rather 109 
than having to rely on a small number of quantitative dates from arbitrarily selected points in the 110 
profile. This means that discrete soil/sediment units can sometimes be identified and related to 111 
construction or modification of the earthwork or terrace.  112 
Our methodology for dating the constructional sequences of agricultural features is summarised in 113 
Figure 2 and described in further detail in the Supplementary Material.  114 
Figure 2 115 
Figures 3 and 4 illustrate the progression from field profiling and hypothesis development (stage 2) 116 
to OSL characterisation and screening in the laboratory (stage 3), then quartz SAR OSL dating (stage 117 
4). Figure 3 illustrates examples of the hypotheses raised during fieldwork based on observations of 118 
the sedimentology, archaeology and trends in proxy luminescence data. For example, a gradual 119 
increase in OSL and IRSL signal intensities with depth might show that a profile built up steadily over 120 
time; an ‘inverted’ progression – where sediment with higher intensities overlies sediment with 121 
lower intensities – can indicate material that had previously been buried elsewhere, but were then 122 
re-deposited by natural or human processes. The range of intensities across these progressions may 123 
indicate the relative rates of sedimentation; sudden breaks in signal intensity may correspond to 124 
discontinuities or hiatuses in deposition. Trends in IRSL and OSL depletion indices down the profile 125 
may indicate the extent to which the luminescence signal mixes an ‘inherited’ dose built up in a 126 
previous location, whilst the IRSL : OSL ratios may reflect changes in mineralogy and bulk sediment 127 
behaviour.   128 
Figure 3 129 
In the first scenario shown in Figure 3, the terrace has been constructed by cutting directly into the 130 
bedrock slope, with a stone wall built to retain the upper slope. Potential targets for dating may 131 
include any materials exposed to light (and therefore ‘bleached’ and ‘reset’) at the time of 132 
construction that are now beneath the wall, or any materials which filtered down the void between 133 
the wall and the bedrock cut slope. Such materials may correspond to minima in signal intensities at 134 
depth. This hypothesis is tested in Stage 3: if the basal sediments are marked by minima in apparent 135 
dose values, samples should be progressed to dating at Stage 4 (Fig 3, example 1). If not, then it is 136 
likely that the sediment was not sufficiently disturbed at the time of construction to reset the 137 
luminescence dating signals and the dating samples should be retained (Fig 3, example 2).  138 
Figure 4 139 
Alternatively, a terrace may be constructed by cutting into the bedrock slope, raising a stone or 140 
earth retainer, and then filling the void behind the retainer with sediment. This space might be 141 
infilled at construction (scenario 2) or by gradual accumulation (scenario 3). Additional dating 142 
priorities would be located at the base of the anthropogenic fill (scenario 2) or throughout the 143 
sediment accumulation (scenario 3). The field profiles are likely to provide some insights into the 144 
constructional sequence. If the sediment beneath the retainer is marked by minima in signal 145 
intensities, this sediment may have been disturbed at construction. If signal intensities are inverted 146 
or if there is no signal-depth progression, then the fill may have been deposited rapidly. If there is a 147 
signal-depth progression, then this can inform on whether sedimentation was uniform or episodic, 148 
gradual or rapid. These hypotheses can be tested and refined in stage. Inverted or similar apparent 149 
doses with depth through the fill might imply that the sediment was deliberately re-deposited or 150 
packed (Fig. 3, example 3). The magnitude and range in apparent doses through the fill(s) provide a 151 
first approximation for depositional age(s); if dose rates were uniform, and sedimentological and 152 
mineralogical characteristics are relatively homogenous, then the ratio between top and bottom 153 
provides some indication of chronology. Steps or substantial shifts in apparent doses with depth are 154 
likely to indicate where there have been hiatuses in deposition, or where erosion has occurred. The 155 
reproducibility between aliquots provides an indication of how well-bleached the sediment was at 156 
deposition: good reproducibility suggests it was well-bleached, poor reproducibility that it was 157 
poorly bleached (Fig. 3, example 5).  Heterogeneous distributions of sensitivity and apparent dose 158 
through the sediment stratigraphies imply complex depositional histories, and samples should be 159 
progressed to dating with caution (Fig. 3, examples 4 & 6).       160 
An applied example of this methodology is illustrated below. 161 
Case study: Geçirim-Kuzkuyusu, Mersin, Turkey 162 
To illustrate the field and laboratory methods which have been applied in all five study areas, this 163 
section presents a case-study based on one example of a terrace system in southern Turkey (Fig. 1, 164 
A). The fieldwork was undertaken within the framework of the Boğsak Archaeological Survey Project, 165 
a multi-disciplinary and diachronic archaeological research programme that includes the 166 
documentation, study, and analysis of material remains on land and underwater, as well as aspects 167 
of the intangible heritage. The project comprises several sub-fields, including landscape, maritime, 168 
and architectural survey, archaeometric and geoarchaeological analysis, ethnographic and 169 
anthropological research. Detailed survey and recording has focussed to date on the Roman and late 170 
Antique remains on the islands of Boğsak (ancient Asteria) and Dana and the adjacent shores, which 171 
lie on the Taşucu Gulf west of Silifke on Turkey’s southern Mediterranean coast (Varinlioğlu 2017; 172 
Varinlioğlu et al. 2017). While the coastal area has seen increasing industrialisation and urbanisation 173 
in recent decades, the mountainous hinterland of Boğsak has witnessed a growing level of 174 
abandonment as farmers and transhumant pastoralists have increasingly moved to towns and cities, 175 
either on this coast or further afield. Extensive field survey in this area has identified the remains of 176 
settlements as well as agricultural and industrial facilities dating from the Chalcolithic onwards (Mac 177 
Sweeney & Şerifoğlu 2017).  178 
Figure 5  179 
HLC analysis of Boğsak’s hinterland carried out between 2015 and 2018 highlighted the range of 180 
landscape character types found in the region. None of the agricultural terraces in the area had been 181 
dated archaeologically, so fieldwork was undertaken at five sites to ground-truth the HLC analysis 182 
and date the creation and development of key terrace examples using OSL-PD.  183 
Fieldwork at one of these sites, between Geçirim and Kuzkuyusu near the centre of the Boğsak study 184 
area, is presented here. HLC analysis of the landscape surrounding a deserted settlement of 185 
unknown date identified five different types of fields: strip fields, rectilinear fields, maquis fields, 186 
braided terraces and check dams (Fig. 5). This classification was checked and verified during 187 
fieldwork in November 2016. The deserted settlement has a commanding view of the surrounding 188 
agricultural lands: to the east lie several valleys that run down from a north-south ridge to the more 189 
open arable land below. The enclosed slopes are concave; steeper towards the ridge; gentler 190 
towards the valley bottom. These enclosed areas are extensively terraced, with individual ‘fields’ 191 
separated by stone walls every 10 to 20 m downslope. The walls, whose age was unknown, stand 0.5 192 
m to 0.8 m tall.  The sediment sequences associated with three check dams in two adjacent valleys 193 
were examined and samples collected for OSL-PD through each with the aim of defining sediment 194 
chronologies and modelling the construction sequences. The distribution of the terrace walls 195 
investigated, together with the luminescence stratigraphies generated for the associated 196 
sedimentary sequences are shown in figure 5.  197 
Terraces 1 and 2 were located in the southerly valley (Fig. 5). Terrace 1 was located low down in the 198 
valley, close to the topographic break between steep slope and flat low-lying land. It was a check-199 
dam faced with a drystone wall standing 0.5 m tall. The sediment profile (P10) comprised some 35 200 
cm of brown agricultural soil, then a 5 cm thick C horizon, before bedrock was encountered at depth. 201 
A series of 5 bulk sediment samples were taken at approximately 5 cm down profile for OSL 202 
profiling. This showed that the luminescence-depth profile was inverted from the surface to c. 35 cm 203 
depth, with maximum intensities at 18 cm; the lowest sample was characterised by low signal 204 
intensities. This was interpreted in the field as reflecting deposition from hillwash/downslope 205 
movement of soils, with the spike in intensities at 18 cm potentially reflecting a failing of soil 206 
management upslope.   207 
Check dam 2 was located high in the same valley, close to the ridge above. The facing wall (0.8 m 208 
tall) protected a sediment profile (P11) which comprised alternating horizons of brown silt loam and 209 
more calcitic silt loams, with the latter more rubbly in nature. The rubbly horizons were attributed in 210 
the field to construction of the terrace. 8 bulk sediment samples were collected through this profile. 211 
Signal intensities were inverted from the surface to c. 41 cm depth, then increased with depth 212 
through the interval 41 to 58 cm, before dropping off from 58 cm. This was interpreted as reflecting 213 
deposition from hillwash, ‘packing’ during construction with mixed age materials, and disturbance or 214 
bleaching of the substrate at deposition.  215 
The final check dam sampled, terrace 3, was located towards the top of the slope in the adjacent 216 
coombe to the north (Fig. 5). Its facing wall stood 0.8 m tall and was found to be the best 217 
constructed of the three structures investigated. The sediment profile (P12) consisted of c. 35 cm of 218 
brown, agricultural soils, overlying a 20 cm cobble horizon, which in turn overlay a buried brown, 219 
compact soil. 8 bulk sediment samples were collected through this profile which extended to 220 
bedrock at a depth of 87 cm. Initial impressions were that the agricultural soil had accumulated 221 
slowly over time; that there was no significant chronology to the cobble horizon; and that the buried 222 
soil, represented a longer and more stable accumulation with time.  223 
In summary, all profiles exhibited aggradation over time, with stratigraphic breaks indicative of 224 
changes in erosional and depositional processes. In the case of those profiles containing a buried 225 
soil, the signal intensities at the base of the sediment stratigraphies were consistent with these units 226 
having been bleached at deposition. This is likely to result from disturbance of the buried soil during 227 
construction of the terrace wall. Accordingly, samples for OSL dating were positioned at the base of 228 
the sediment stratigraphies, above the R horizon or bedrock. It was noted during fieldwork that the 229 
magnitude and range in signal intensities recorded in these sediments implied that there was some 230 
chronology to the sequence of construction: terrace 3 in the northerly valley was considered likely to 231 
be the oldest and terrace 1 the youngest, with terrace 2 constructed sometime between the other 232 
two. 233 
These assumptions were tested in the subsequent programme of analytical work. The magnitude 234 
and range in apparent dose estimates across the investigated sediment stratigraphies supported the 235 
chronological framework suggested above for construction (Fig. 5). The trends and maxima in 236 
apparent dose estimates supported the suggestion that the lower units in each of the sediment 237 
stratigraphies were disturbed and bleached at construction. In situ gamma dose rate measurements 238 
implied no dosimetric gradients or discontinuities. This suggests that these units were bleached at 239 
deposition, and justified the positioning of the dating samples at the base of the sediment 240 
stratigraphies.  241 
The construction of the terraces in the southern valley is dated to AD1340 ± 50 (Terrace 2) and 242 
AD1850 ± 20 (Terrace 1), upslope and downslope respectively (see supplementary data). The terrace 243 
wall in the northern valley was constructed sometime after AD430 ± 100.  Apparent ages were 244 
retrospectively determined for each profiling sample (see supplementary data).  Our sediment 245 
chronologies imply that deposition of the agricultural soils from 0 to c. 35 cm depth (38 cm in P10, 246 
32 cm in P11, 36 cm in P12) was synchronous across the study region (after the early 19th century 247 
CE) and further corroborate the constructional sequence to walls 1 to 3. The evidence for this is: 1. 248 
the agricultural soils in P10, P11 and P12 have similar compositions; 2. sub-samples at c. 35cm depth 249 
in each profile return apparent dose estimates in the range c. 0.4 to 0.5 Gy; and 3.  in situ gamma 250 
spectrometry implied no local variations in environmental dose rate. They indicate that the greatest 251 
time-depth in P11 and P12 was from 40 cm to bedrock, potentially spanning 400 and 800 years 252 
respectively. 253 
This case study illustrates the methods used in each of the five study regions to identify sites for 254 
sampling and subsequently to profile and analyse them in the field and the laboratory. It 255 
demonstrates that OSL profiling at the time of archaeological survey is an extremely powerful tool in 256 
interpreting the sedimentary stratigraphies associated with terraces and other earthwork 257 
boundaries.  258 
 259 
Results and Discussion 260 
Table 1 summarises the spatial coverage of each of the HLCs (between c. 20 - 600km2) and the 261 
estimated total length of the terraces in each of the five study areas (> 300 km), together with the 262 
number of terrace types identified in each area based on their morphology.  263 
Table 1 264 
Our age constraints for terrace construction and utilisation across the Mediterranean region are 265 
summarised in figures 6 and 7 (and tabulated in supplementary data). The data is drawn from the 266 
agricultural terraces and earthworks surveyed in the 5 case studies, sub-divided into 16 sub-regions, 267 
examined through 52 profiles comprising some 528 field and 357 laboratory samples and 65 dating 268 
samples (see table S1 in Supplementary Material). The total dataset comprises some 283 temporal 269 
constraints in the 0-2ka range on terrace construction and utilisation: 55 sediment ages relating to 270 
terrace construction or substantial modification and 228 apparent ages calculated from the 271 
calibrated dataset (for terrace utilisation). In addition, we have compiled 42 radiocarbon ages from 272 
the literature. The results are presented as follows: a. sediment ages linked to terrace construction; 273 
b. sediment ages linked to utilisation and modification of terraces; and c. radiocarbon ages 274 
interpreted here as also representing utilisation. OSL and 14C dates are binned in 125 year intervals. 275 
The horizontal axis is limited to the last 2000 years since the majority of the OSL and 14C data date 276 
construction and utilisation to this period. 277 
Figure 6 278 
Figure 7 279 
 280 
Terraces provide versatile units for arable or polycropping (with fruit or olive trees as well as cereals) 281 
which can be grazed if uncultivated. They increase the potential area for agriculture and contribute 282 
to the management of soils and water. The dataset implies that terrace modification and utilisation 283 
was continuous through the last 2,000 years, though patterns of terrace development varied: in 284 
some cases existing systems were gradually subdivided (as in medieval Naxos), whereas in others 285 
large-scale re-organisation took place (e.g. around the monastery at Samos in Galicia). 286 
Importantly, the OSL-PD sediment chronologies have produced evidence of large-scale land-use in 287 
periods for which no other surviving evidence indicates exploitation of the landscape. This is 288 
exemplified in our case-studies at Gölcük (Silifke, Turkey) and Kastro Apalirou (Naxos, Greece), 289 
where braided terrace systems lie immediately adjacent to the remains of extensive deserted 290 
settlements dated through archaeological survey to the 5th-9th centuries CE. It was originally 291 
assumed that the partly abandoned terraces were likely to date to the same era, but the 292 
luminescence chronologies demonstrate that the main periods of terrace construction and use at 293 
both sites were several hundred years later, between the 11th-14th centuries. This major episode of 294 
land-use is otherwise wholly unattested: neither area has surviving medieval documentary records, 295 
surface finds of later medieval artefacts are relatively scarce and conditions are not conducive for 296 
the preservation of local pollen cores.  297 
At certain times terrace-building appears to have intensified, including the mid-12th century CE and 298 
early 16th century CE. These trends are broadly synchronous in the five case-study areas despite 299 
differences in terrace morphology and function. Data from climate proxies suggest both peaks in 300 
terrace-building coincided with relatively cool periods (Xoplaki et al. 2018). Nevertheless, the 301 
relationships between climate and land-use are not straightforward: climate models also suggest 302 
rainfall patterns across the region diverged significantly at the same times (Finné et al. 2019). 303 
Agricultural change might have been stimulated by various other drivers including political, 304 
economic and social factors (Haldon and Rosen 2018). For example, shifting patterns of land-tenure 305 
and local autonomy could have been important in all five case-study areas (Barton 2010; Vionis 306 
2012: 39-56). Terraces may have provided a flexible resource which enabled farmers to respond in 307 
resilient ways to different challenges.  308 
The formation sequences of terraces (and other archaeological earthworks, such as earth banks: 309 
Vervust et al. 2020) can now be reconstructed in detail using OSL-PD. The ability to create fully-310 
dated sediment profiles reduces our dependence on patchy documentary and archaeological 311 
sources, and helps us to understand key periods of landscape change. It also opens the possibility to 312 
link other soil-science approaches (for example sediment micromorphology, microfossil analysis, 313 
geochemistry), providing essential detail on shifting land-use and soil management.  314 
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 323 
Table 1: Historic landscape character types with agricultural terraces in three Mediterranean 324 
countries 325 
Case studies Case study 
area km2 
Area of 
terraces km2 
Types of 
terraces 
Est. length 
of terraces 
Turkey (Boğsak, Mersin province and 
Urla, Izmir) 
577.9 57.7 6 306 km 
Greece (Naxos, Cyclades) 104.1 35.0 7 1,044 km 
Spain (western Catalonia and Galicia) 19.7 9.0 6 609 km 
 326 
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Figure 3: Hypothesis testing - progression from preliminary OSL screening in the field (stage 2) to 481 
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Figure 4: Progression from laboratory OSL screening and characterisation (stage 3) to quantitative 485 
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Figure 6: Individual quartz SAR OSL depositional ages obtained for sediments associated with terrace 493 
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Figure 7: Quartz OSL constraints for a. construction (brown) and b. utilisation (tan)  497 
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Supplementary Material (see SupplementaryData.xls for associated data tables) 
Catalonia, Spain - Tim Kinnaird, Jordi Bolòs, Alex Turner, Sam Turner 
Galicia, Spain - Tim Kinnaird, Francesco Carrer, Carlos Otero-Vilariño, Noemí Silva Sánchez, José Carlos Sánchez Pardo, Alex 
Turner, Sam Turner 
Boğsak, Turkey - Tim Kinnaird, Yasemin Aydoğdu, Cem Ardıl, Francesco Carrer, Mark Jackson, Hilal Küntüz, Alex Turner, Fatih 
Timirli, Sam Turner, Günder Varinlioğlu, Muhterem Vuran, Chris Whittaker 
Urla, Turkey- Tim Kinnaird, Francesco Carrer, Volkan Demirciler, Elif Koparal, Chris Whittaker 
Naxos, Cyclades - Tim Kinnaird, Maria Duggan, Mark Jackson, Stelios Lekakis, Alex Turner, Sam Turner, Chris Whittaker 
 
S1. OSL sample set 
Terraces in all five study areas were sampled as part of collaborative international fieldwork projects 
focussed on understanding long-term landscape history. In the eastern Mediterranean, sampling in 
southern Turkey included both abandoned and currently cultivated terraces in limestone mountains 
and coastal valleys in the southern Taurus, between the Göksu valley and the Mediterranean sea (as 
part of two projects, the long-running Boğsak Archaeology Project and ‘Cultural Heritage in Landscape 
- Planning for Development in Turkey’). The landscape in this warm Mediterranean climate zone (Csa) 
(Markus et al. 2006) is affected by rapid change with urbanisation on the coast, afforestation in the 
mountains, and accelerating abandonment of agricultural land and historic pastures. In western 
Turkey, work during the ‘Unlocking the Ionian Landscape’ project took place in the framework of the 
Urla-Seferihisar Archaeological Survey. This large-scale research programme has been investigating 
the landscape heritage of the Urla-Çeşme peninsula west of the rapidly-growing city of Izmir for more 
than a decade. In the southern Aegean, research on the island of Naxos (as part of the Apalirou 
Environs Project) permitted investigation of abandoned terraces in an insular landscape that has been 
relatively stable since the mid-20th century. In Spain, four locations were targeted in western 
Catalonia as part of the ‘Canvis i Continuïtats’ project ranging from rolling arable lands to the ridge of 
the pre-Pyrenean Serra de Montsec mountain range. A final case-study at Samos, in Galicia, enabled 
the team to investigate terraces in a temperate oceanic (Cfb) zone as part of the TERPOMED project. 
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Catalonia, Spain (Kinnaird et al., 2017) 4 11 112 37 15 
1. Balaguer  2 33 20 5 
2. Vilalta  4 22 7 3 
3. El Prats de Rei  2 24 10 2 
4. Castel de Mur  3 33 - 5 
Galicia, Spain 3 7 128 54 14 
1. Perfil do Camiño de Santiago  1 30 21 2 
2. slopes East of Samos Monastery  3 49 25 5 
3. slopes West of Samos Monastery  3 49 8 7 
Urla, Turkey 3 8 99 81 10 
1. Güvercinlik  3 41 35 3 
2. Granseki  2 22 17 4 
3. Barbaros-Çiftlik  3 36 29 3 
Boğsak, Turkey 5 15 113 111 14 
1. Senir  1 9 8 1 
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2. Gölcük  5 36 35 5 
3. Akdere  3 21 21 3 
4. Geçirim  4 29 28 3 
5. Uşakpınarı  2 18 18 2 
Naxos, Cyclades  1 11 76 74 12 
 
S2. The methodology  
Stage 1 –Initial HLC and site selection: Initial landscape analysis covers the region of interest; features are 
selected for detailed investigations based on their morphology and state of preservation.  
Stage 2 –OSL field profiling and sampling: Sections or test-pits are cut to access sediments. Sections are sampled 
at regular intervals under a dark cover: for stage 2, small bulk quantities of sediment (4-5grams) are sampled 
directly into plastic petri-trays; for stage 3, sediment is extracted in small copper tubes and made light-safe. In 
situ gamma spectrometry measurements are taken whilst the stratigraphy is described and documented. The 
SUERC portable OSL reader is used to characterise luminescence behaviour of the bulk sediment samples 
(Kinnaird et al. 2017a, b). The resulting IRSL and OSL net signal intensities, depletion indices and IRSL:OSL ratios 
are used to plot luminescence stratigraphies and build hypotheses concerning soil/sediment accumulation . The 
key stratigraphic units identified are sampled for possible quantitative dating in stage 4 using 4.5 cm Ø stainless 
steel tubes. Bulk sediment from within 30cm of the dating position is collected for additional dosimetry 
measurements. The sections and/or test-pits are back-filled. In worksheet FieldOSL of the 
SupplementaryData.xls, we tabulate the values obtained during stage 2. 
Stage 3 – OSL laboratory screening and sample selection: A sub-set of samples are taken forward to calibrated 
OSL screening and characterisation in the laboratory, based on the hypotheses raised in the field. Mineral 
preparation procedures (Burbidge et al. 2007; Kinnaird et al. 2017a, b) are used to extract HF-etched ‘quartz’ 
from these sub-samples. Two aliquots of this ‘quartz’ are subjected to simplified SAR OSL procedures (some with 
repeat and zero doses) to obtain estimates of equivalent dose (Gy) and sensitivity (counts Gy-1) (henceforth, 
these equivalent doses will be referred to as apparent doses to distinguish between this protocol and those 
obtained through the more conventional quartz SAR OSL dating protocols). The luminescence stratigraphies 
generated in stage 2 are re-evaluated in light of the apparent dose and sensitivity distributions, and if the original 
hypotheses are corroborated, samples identified for dating purposes are taken forward to further analysis. 
Laboratory profiling and quantitative quartz OSL dating were completed at the universities of Glasgow (SUERC) 
and St Andrews in accordance with established protocols (Kinnaird et al. 2017a,b ; Kinnaird et al. 2015). In 
worksheet LabOSL of the SupplementaryData.xls, we tabulate the apparent dose and sensitivity estimates on 
the sub-samples progressed to stage 3. 
Stage 4 – Quantitative quartz SAR OSL dating: Samples identified in stages 2 and 3 as having geomorphological 
or archaeological significance, and that had promising luminescence behaviour, are progressed to full 
quantitative quartz SAR OSL dating (cf. Kinnaird et al., 2017a,b). Full details are provided in the supplementary 
data files. Our approach, which considers the depositional quartz SAR OSL ages not in isolation, but within the 
context of the entirety of the sediment stratigraphy, justifies the combination of conventional and Bayesian 
statistical approaches to assimilate ages. It can thus provide tighter chronological control to the constructional 
sequence(s) of archaeological features. Moreover, the close spatial and temporal associations between stage 2, 
3 and 4 samples, mean that it is possible to re-appraise the original luminescence stratigraphies in term of 
relative chronology. If depositional histories are ‘simple’, and dose rates are uniform, then it may be possible to 
return to the stage 3 datasets to estimate ‘apparent’ ages. Apparent ages are determined by dividing the 
apparent doses by the extrapolated dose rates estimated for each position (cf. Muñoz-Salinas et al., 2011; 
Kinnaird et al., 2017a, b; Turner et al., 2018).   
Stage 5 – refined HLC and landscape modelling: Our approach provides a strategy for improving historic 
landscape analysis by linking the detailed chronologies of individual terrace systems obtained using OSL-PD to 
the wider regional landscape character. Terraces and field systems with shared characteristics can be identified, 
mapped and modelled using data from remote sensing (Crow et al. 2011; Turner et al. 2018). 
Illustrated examples of how this methodology is applied are shown in figures S2-1 and S2-2. 
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S3. Sample preparation 
Sample preparation was undertaken under safe light conditions at the luminescence laboratories at the School 
of Earth and Environmental Sciences, University of St Andrews. Equivalent dose determinations were 
undertaken at St Andrews. Dose rate determinations were made at either the Environmental Radioactivity 
Laboratory (ERL) at the School of Biological and Earth Sciences, University of Stirling (High Resolution Gamma 
Spectrometry, HRGS) or at the STAiG laboratories at the School of Earth and Environmental Sciences (SEES), 
University of St Andrews (Inductively Coupled Plasma Mass Spectrometry, ICPMS). 
S3.1 Mineral Preparation of Quartz 
Standard mineral preparation procedures as routinely used in OSL dating were used to extract sand-sized quartz 
from each sample (cf. Kinnaird et al., 2017a,b) 
S3.1.1. The subset of samples taken forward to laboratory analysis (stage 3, OSL screening and characterisation), 
were subjected to rapid mineral preparation procedures (cf. Kinnaird et al., 2017a,b), including wet sieving to 
obtain the 90-250 µm fraction and repeated hydrochloric (HCl) and hydrofluoric (HF) acid washes / etches to 
concentrate ‘quartz’ and/or ‘polyminerals’. HF-etched quartz was dispensed to disc in duplicate. 
S3.1.2. Quartz was extracted from the portion of each sample which had not been exposed to sunlight since 
burial. The samples were wet-sieved to obtain the 90-250 µm size fraction, then treated in 1M HCl for 10 
minutes, followed by 40% HF for 40 minutes, and a further treatment in 1 M HCl for 10 minutes. The HF-etched 
fractions were then density separated in LST heavy liquids at concentrations of 2.64 and 2.74 gcm-3, to obtain 
concentrates of feldspar (< 2.64 gcm-3), quartz (2.64-2.74 gcm-3) and heavy minerals (>2.74 gcm-3). The quartz 
concentrates were re-sieved at 150 µm; the 150-250 µm fractions were dispensed to 10mm stainless steel discs 
in sets of 20+ aliquots.  
S3.2 Preparation of Samples for HRGS 
The subset of samples selected for HRGS were dried to a constant weight in an oven set at 50°C. Sub-quantities 
of the dried sediment - weighing approximately 170-180 g were taken and ground by hand using a pestle and 
mortar to a fine powder. These materials were used to fill 150ml high-density plastic plots for gamma 
spectrometry. Each pot was sealed with epoxy resin and placed in storage for at least four weeks prior to 
measurement. 
S3.3 Preparation of Samples for ICPMS 
The subset of samples selected for ICPMS analysis were prepared using the lithium metaborate fusion method. 
All materials were dried in an oven set at 50°C until a constant weight was achieved. 20-25 g of the dried 
sediment were extracted from each sample ground using a Tema Disc Mill to a fine powder and homogenized. 
Samples were prepared as 0.2500 g +/- 0.0003 g sample mixed with 1.2500 g LiBO2 flux, placed in 95% Pt/5% Au 
crucibles and fused in a muffle furnace for 20 mins at 1,000°C. The melt was poured into 150 ml of 5 % Aristar 
grade HNO3, filtered and made to a final volume of 250 ml. 0.5 ml of this solution was diluted 20 fold with 5 % 
HNO3. Geological reference materials, including USGS, ANRT/CRPG, BCS and NIST standards were prepared in 
the same manner as the samples. Calibration blanks and standards were prepared from stock solution using 
blank fusion flux at the same level as the samples for matrix matching. 
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S4. Calibrated OSL screening and characterisation  
All OSL measurements were carried out using a Risø TL/OSL DA-20 automated dating system, equipped with a 
90Sr/90Y β-source for irradiation (dose rate at time of measurement, 1.10 Gy/s), blue LEDs emitting around 470 
nm and infrared diodes emitting around 830 nm for optical stimulation.  OSL was detected through 7.5 mm of 
Huoya U-340 filter and detected with a 9635QA photomultiplier tube. OSL was measured at 125°C for 60 s. The 
OSL signals, Ln and Lx, used for equivalent dose (De) determinations were obtained by integrating the OSL counts 
in the first 2.4 s and subtracting an equivalent signal taken from the last 9.6 s. 
Two aliquots of HF-etched quartz are subjected to a simplified single aliquot regenerative (SAR) dose OSL 
procedure (cf. Kinnaird et al., 2017a,b) to obtain estimates of equivalent dose (Gy) and sensitivity (counts Gy-1), 
and assess their distributions relative to the sediment stratigraphies. Henceforth, to distinguish between these 
and the equivalent doses obtained for the more conventional OSL SAR method, the estimates from calibrated 
OSL screening will be referred to as apparent doses.  
 
S5. Equivalent dose determinations  
De determinations were determined using the OSL SAR method (Kinnaird et al., 2017a,b; Murray and Wintle, 
2000), which allows for an independent estimate of De to be generated for each aliquot measured. The SAR 
technique involves making a series of paired measurements of OSL intensity - the Ln and Lx outlined above, and 
the response to a fixed test dose, Tn and Tx. Each measurement is standardised to the test dose response 
determined immediately after its readout, to compensate for observed changes in sensitivity during the 
laboratory measurement sequence. De values are then estimated using the corrected OSL intensities Ln/Tn and 
Lx/Tx and the interpolated dose-response curve.  
This was implemented here, using four (to five) regenerative doses (nominal doses of 1, 2.5, 5, 10 and 30 
Gy), with additional cycles for zero dose, repeat or ‘recycling’ dose (2.5 Gy) and IRSL dose (2.5 Gy). The zero dose 
point is used to monitor ‘recuperation’, thermally induced charge transfer during the irradiation and preheating 
cycle. The repeat dose - a repeat of the initial regeneration dose - is used to calculate the ‘recycling ratio’, a test 
of the internal consistency of the growth curve. The IRSL response check is included to assess the magnitude of 
non-quartz signals. To ensure that there was no dependency of De or sensitivity on preheat conditions, five 
preheat temperatures were explored from 220 to 260°C in 10°C increments. 
Data reduction and De determinations were made in Luminescence Analyst v.4.31.9. Individual decay curves 
were scrutinised for shape and consistency. Dose response curves were fitted with an exponential function, with 
the growth curve fitted through zero and the repeat recycling points. Error analysis was determined by Monte 
Carlo Stimulation. 
Representative OSL decay curves for both the natural and regenerated signals, together with the 
corresponding dose response curve are shown in figures S5-1 to S5-4. An example is provided for each of the 
case studies. 
 
Fig S5-1: (left) Decay curve and (right) dose response curve for CERSA088 (Samos Monastery, Galicia; Terrace 1C) 
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Fig S5-2: (left) Decay curve and (right) dose response curve for CERSA348 (Güvercinlik, Urla – Agricultural Terrace) 
  
Fig S5-3: (left) Decay curve and (right) dose response curve for CERSA035H (Gölcük, Boğsak – Agricultural Terrace) 
  
 S5-4: (left) Decay curve and (right) dose response curve for CERSA019 (Naxos, Cyclades – Settlement Terrace) 
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S6. Equivalent dose distributions  
OSL SAR dating utilises extracted quartz from the samples to determine the radiation dose experienced by the 
sediments since their last zeroing event assumed to be by exposure to light prior to final deposition, the burial 
dose, Db. To obtain a depositional age, it is necessary to reduce each samples De distribution to a single Db.  
S6.1 Internal consistency of quartz OSL SAR data (worksheet QuartzSARcriteria, 
SupplementaryData.xls) 
Aliquots were rejected from further analysis if they failed sensitivity checks (based on test dose response), SAR 
acceptance criteria checks, or had significant IRSL response coupled with anomalous luminescence behaviour. 
Luminescence sensitivities (luminescence per unit dose, counts Gy-1), recycling ratios, recuperation values, IR 
response (%) and dose recovery ratios are listed in the worksheet QuartzSARcriteria. 
S6.2 Distribution analysis 
The distributions in equivalent dose values, for those aliquots which satisfied the SAR selection criteria, were 
examined using Kernel Density Estimate (KDE) plots and Abanico plotting methods (Dietze et al., 2013). 
Equivalent dose distributions were assessed relative to the sediment and luminescence stratigraphies (e.g. figs 
S2-1 and S2-2). 
 
S7: Radionuclide concentrations and environmental dose rates (worksheet Dosimetry, 
SupplementaryData.xls) 
The effective environmental dose rate to HF-etched quartz grain, ?̇?𝑒𝑥 consists of external gamma, ?̇?𝛾 beta, ?̇?𝛽 
and cosmic ray ?̇?𝑐 contributions.  ?̇?𝛼, ?̇?𝛾, ?̇?𝛽 dose rates originate from naturally occurring radionuclides in the 
surrounding sediment matrix, including Potassium (K), Uranium (U), and Thorium (Th) attenuated due to grain 
size and sediment-matrix water content. An internal dose rate,  ?̇?𝑖𝑛 due to K, U and Th inclusions within quartz, 
may add a negligible contribution to the total effective dose. The contribution from the cosmic dose, ?̇?𝑐  is a 
function of geographic location (altitude, longitude and latitude) and burial depth, and is calculated from 
Prescott and Hutton (1994).    
S7.1 Dose rate measurements and determinations  
Dose rate measurements were undertaken by HRGS at the Environmental Radioactivity Laboratory, in the School 
of Biological and Earth Sciences at the University of Stirling (UKAS Testing Lab 2751), or by ICPMS at the STAiG 
laboratories in SEES at the University of St Andrews.  
 
S7.1.1 HRGS 
All sample handling, processing and analysis were undertaken in accordance, and in compliance with ERL 
protocols LS03.1, 03.2 & 03.6 and LS08. The samples were sealed for four weeks prior to final counting. HRGS 
measurements were performed on a High Purity Germanium (HPGE) detector. Standard laboratory efficiency 
calibrations were used, derived from GE Heathcare Ltd QCY48 Mixed Radionuclide Spike and DKD RBZ-B44 210Pb 
spike. All absolute efficiency calibrations were corrected for variations in sample density and matrix.   
 
S7.1.2. ICPMS 
Concentrations of K, U, Th and Rb were measured directly using ICPMS. 
 
S7.2 Dose rate results  
These data were used to determine infinite matrix dose rates for α, γ and β radiation, using the conversion 
factors of Guérin et al. (2011), and grain-size attenuation factors of Mejdahl (1979).  ?̇?𝛼, ?̇?𝛾, ?̇?𝛽 dose rates 
derived from HRGS and ICPMS are listed in the worksheet Dosimetry. External ?̇?𝛼 dose rates were ignored as 
the α irradiated portion of quartz was removed by HF-etching. Also listed in the worksheet Dosimtery are the 
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effective environmental dose rates to the 200 µm HF-etched quartz grain, ?̇?𝑒𝑥 , combining the derived ?̇?𝛽 and 
?̇?𝛾, attenuating these for grain size and water content, and an estimate for the cosmic dose contribution.  
 
S8: Age determinations (worksheets AgeDeterminations, WeightedCombinations, LabOSL, 
SupplementaryData.xls) 
OSL SAR dating utilises extracted quartz from the samples to determine the radiation dose experienced by the 
sediments since their last zeroing event assumed to be by exposure to light prior to final deposition, the burial 
dose, Db.  To obtain a depositional age, it is necessary to reduce each De distribution to a single Db. Unless 
stated otherwise, the weighted mean of the reduced dataset was used in calculation of the luminescence age. 
The errors stated are ± weighted standard deviation (weighted standard error). Sediment ages are tabulated in 
the worksheet AgeDeterminations.  
If there was a clear progression through stages 2, 3 and 4, and if dose rates were uniform, bulk sediment and 
mineral behaviour was similar, and reconstruction of the depositional histories / constructional sequences was 
possible, then one can return to the stage 3 dataset and consider distributions in apparent age. Apparent ages 
were determined by combining the apparent dose estimates with the extrapolated dose rates estimated for 
spatially associated dating samples (cf. Muñoz-Salinas et al., 2011; Kinnaird et al., 2017a, b; Turner et al., 2018). 
This approach is only justified if the full dating and profiling samples are in close proximity (note, profiling 
samples are spaced at 5 to 10 cm through the investigated sediment stratigraphies), there is uniformity to dose 
rates, and bulk sediment and mineral characteristics are similar. The total dose rates for the profiling samples 
were either estimated on the basis of the adjacent dating sample, or through interpolating dose rates from 
enclosing dating samples. Apparent age estimates were then calculated combining these extrapolated dose 
estimates with the dose rates for each position.  
Apparent sediment ages are tabulated in the worksheet LabOSL.   
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Dose rate / 
mGy a-1
Stored dose / Gy Age / ka
SUTL2743 2.79 ± 0.12 1.22 ± 0.15 0.44 ± 0.06
SUTL2744 2.85 ± 0.10 1.11 ± 0.05 0.39 ± 0.02
SUTL2745 2.08 ± 0.11 1.10 ± 0.05 0.53 ± 0.04
SUTL2746 2.31 ± 0.10 1.68 ± 0.08 0.73 ± 0.05
SUTL2747 2.19 ± 0.10 3.68 ± 0.11 1.68 ± 0.09
SUTL2748 2.90 ± 0.14 2.35 ± 0.15 0.81 ± 0.06
SUTL2749 2.83 ± 0.12 11.36 ± 1.57 4.01 ± 0.58
SUTL2750 3.16 ± 0.11 2.48 ± 0.09 0.79 ± 0.04
SUTL2751 2.47 ± 0.09 1.42 ± 0.03 0.57 ± 0.03
SUTL2752 3.56 ± 0.18 > 70 > 19.5 ka
SUTL2753 1.71 ± 0.08 0.66 ± 0.04 0.39 ± 0.03
SUTL2754 1.66 ± 0.08 0.35 ± 0.02 0.21 ± 0.02
SUTL2755 1.92 ± 0.09 0.4 ± 0.06 0.21 ± 0.03
SUTL2756 1.59 ± 0.08 0.71 ± 0.07 0.44 ± 0.05
SUTL2757 1.61 ± 0.08 0.49 ± 0.02 0.31 ± 0.02
CERSA83 3.80 ± 0.27 51.19 ± 1.12 (0.72) 13.5 ± 1.0 (0.97)
CERSA84 3.71 ± 0.29 15 ± 0.71 (0.19) 4.1 ± 0.4 (0.32)
CERSA85 3.16 ± 0.22 1.17 ± 0.05 (0.01) 0.37 ± 0.03 (0.03)
CERSA86 3.30 ± 0.25 1.55 ± 0.11 (0.01) 0.47 ± 0.05 (0.04)
CERSA87 3.35 ± 0.31 1.14 ± 0.04 (0.01) 0.34 ± 0.03 (0.03)
CERSA88 3.56 ± 0.19 2.61 ± 0.03 (0.01) 0.73 ± 0.04 (0.04)
CERSA89 3.68 ± 0.18 2.9 ± 0.02 (0.01) 0.79 ± 0.04 (0.04)
CERSA90 3.23 ± 0.14 1.21 ± 0.08 (0.01) 0.37 ± 0.03 (0.02)
CERSA92 3.47 ± 0.26 1.35 ± 0.02 (0.01) 0.39 ± 0.03 (0.03)
CERSA93 3.42 ± 0.28 2.67 ± 0.03 (0.01) 0.78 ± 0.06 (0.06)
CERSA97 2.84 ± 0.28 0.43 ± 0.03 (0) 0.15 ± 0.02 (0.01)
CERSA98 2.88 ± 0.26 0.95 ± 0.01 (0) 0.33 ± 0.03 (0.03)
CERSA102 3.63 ± 0.23 4.18 ± 1.01 (0.09) 1.15 ± 0.29 (0.08)
CERSA108 2.63 ± 0.24 6.38 ± 0.11 (0.04) 2.40 ± 0.20 (0.22)
CERSA109 3.40 ± 0.27 5.17 ± 1.17 (0.05) †1.20 ±0.09 (0.02)
CERSA29 1.37 ± 0.07 1.47 ± 0.63 (0.45) 1.07 ± 0.46 (0.33)
CERSA32 3.23 ± 0.17 2.57 ± 0.17 (0.04) 0.80 ± 0.07 (0.04)
CERSA34 2.56 ± 0.14 2.24 ± 0.67 (0.03) 0.88 ± 0.27 (0.05)
CERSA35 2.73 ± 0.19 2.03 ± 0.20 (0.02) 0.74 ± 0.05 (0.05)
CERSA36 2.71 ± 0.15 3.03 ± 0.20 (0.04) 1.12 ± 0.10 (0.06)
CERSA39 2.60 ± 0.13 3.49 ± 1.16 (0.04) 1.34 ± 0.45 (0.07)
CERSA41 3.19 ± 0.17 7.48 ± 1.8 (0.11) 2.35 ± 0.58 (0.13)
CERSA42 3.14 ± 0.19 1.58 ± 0.1 (0.02) 0.50 ± 0.04 (0.03)
CERSA44 3.31 ± 0.17 7.46 ± 0.46 (0.06) 2.25 ± 0.18 (0.12)
CERSA47 3.62 ± 0.20 0.6 ± 0.05 (0.03) 0.17 ± 0.02 (0.01)
CERSA49 3.35 ± 0.19 2.27 ± 0.11 (0.04) 0.68 ± 0.05 (0.04)
CERSA51 5.14 ± 0.31 8.17 ± 0.14 (0.07) 1.59 ± 0.10 (0.10)
CERSA54 2.79 ± 0.15 5.66 ± 1.14 (0.09) 2.03 ± 0.42 (0.11)
CERSA55 2.90 ± 0.15 2.91 ± 0.43 (0.08) 1.00 ± 0.16 (0.06)
CERSA348 0.91 ± 0.34
CERSA349 0.99 ± 0.20
CERSA350 0.83 ± 0.19
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CERSA351 5.65 ± 1.61
CERSA352 6.68 ± 1.50
CERSA353 4.60 ± 1.71
CERSA354 1.41 ± 0.47
CERSA355 0.70 ± 0.19
CERSA356 0.31 ± 0.12
CERSA357 0.68 ± 0.11
CERSA 2 2.65 ± 0.16 1.75 ± 0.69 (0.06) 0.66 ± 0.26 (0.02)
CERSA 4 3.19 ± 0.15 2.94 ± 0.57 (0.04) 0.92 ± 0.18 (0.01)
CERSA 6 2.5 ± 0.14 2.03 ± 0.53 (0.05) 0.81 ± 0.22 (0.01)
CERSA 8 2.49 ± 0.15 1.71 ± 0.59 (0.07) 0.69 ± 0.24 (0.02)
CERSA 9 1.88 ± 0.12 5.43 ± 2.03 (0.1) 2.88 ± 1.09 (0.07)
CERSA 12 3.07 ± 0.15 1.45 ± 0.43 (0.03) 0.47 ± 0.14 (0.01)
CERSA 13 3.14 ± 0.16 1.39 ± 0.28 (0.03) 0.44 ± 0.09 (0.01)
CERSA 15 2.85 ± 0.13 2.81 ± 0.7 (0.08) 0.99 ± 0.25 (0.01)
CRESA 17 3.12 ± 0.19 2.29 ± 0.79 (0.1) 0.73 ± 0.26 (0.02)
CERSA 19 2.14 ± 0.09 1.37 ± 0.33 (0.03) 0.64 ± 0.16 (0.01)
CERSA 21 2.51 ± 0.13 1.92 ± 0.56 (0.03) 0.76 ± 0.23 (0.01)
CERSA 23 1.98 ± 0.09 1.03 ± 0.33 (0.01) 0.52 ± 0.17 (0.01)
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Calender years
 AD 1580 ± 60
AD 1630 ± 20
 AD 1490 ± 40
AD 1290 ± 50
AD 340 ± 90
AD 1200 ± 60
1994 ± 580 BC
 AD 1230 ± 40
AD 1440 ± 30
-
AD 1630 ± 30
AD 1810 ± 15
AD 1810 ± 30
AD 1570 ± 50
AD 1710 ± 20
-
-
AD 1650 ± 30 (30)
AD 1550 ± 50 (40)
AD 1680 ± 30 (30)
AD 1280 ± 40 (40)
AD 1230 ± 40 (40)
AD 1640 ± 30 (20)
AD 1630 ± 30 (30)
AD 1240 ± 60 (60)
AD 1870 ± 20 (10)
AD 1690 ± 30 (30)
870 ± 290 (80)
410 ± 220 (220) BC
AD 820 ± 90 (20)
AD950 ± 330 (460)
AD1220 ± 40 (70)
AD1140 ± 50 (270)
AD1280 ± 50 (50)
AD900 ± 60 (100)
AD680 ± 70 (450)
330 ± 130 (580) BC
AD1520 ± 30 (40)
230 ± 120 (180) BC
AD1850 ± 10 (20)
AD1340 ± 40 (50)
AD430 ± 100 (100)
10 ± 110 (420) BC
AD1020 ± 60 (160)
AD 1110 ± 340 mean of 150-250 micron and 90-150 micron ages
AD 1030 ± 200
AD 1190 ± 190
3630 ± 1610BC
4670 ± 1500BC
2580 ± 1710BC
AD 610 ± 470
AD 1320 ± 190
AD 1710 ± 120
AD 1340 ± 110
AD 1360 ± 260 (20)
AD 1100 ± 180 (10)
AD 1210 ± 220 (10)
AD 1330 ± 240 (20)
870 ± 1090 (70) BC
AD 1550 ± 140 (10)
AD 1570 ± 90 (10)
AD 1030 ± 250 (10)
AD 1280 ± 260 (20)
AD 1370 ± 160 (10)
AD 1250 ± 230 (10)
AD 1500 ± 170 (10)
